Introduction
In the past several years, bismuthene as a novel member of the 2D monatomic molecule material has attracted science researchers. As the heaviest element of group-VA, the two-dimensional (2D)-forms of β-bismuth crystal is characterized showing a semi-metallic property, while its single-layer structure is a narrow band gap semiconductor [1] [2] [3] [4] [5] . This new material must be some large-scale applications in industry along with the rapid progress in theoretical and experimental investigations.
As a desirable platform for the ultrafast pulse generation, passively modelocked fiber lasers have many applications in industrial purposes and basic researches, such as optical communication, laser surgery, laser processing, seed sources and etc. [6] [7] [8] [9] [10] Up to now, various methods have been used to achieve passive mode locking in a fiber laser, e.g., nonlinear polarization evolution (NPE), nonlinear optical loop mirror (NOLM). In the developing process of fiber lasers, various types of pulses with different generation mechanisms have been investigated, e.g., the traditional soliton, multi-solitons, noise-like pulse (NLP), self-similar pulse, and dissipative soliton [11] [12] [13] [14] [15] .
Achieving mode-locked fiber lasers in NLP regime has attracted much interest due to their higher energy and wider pulse width [16] [17] [18] . The NLP is a wave packet consisting of many sub picosecond pulses, which is a feasible method for increasing pulse energy despite its noisy feature [19] [20] [21] . Many materials have also been used as a saturable absorber (SA) for achieving mode locking, which possess broadband nonlinear optical properties and ultrafast response time [22] [23] [24] . Recently, 2D nanomaterial have been widely applied in the modelocked fiber laser due to their SA characteristics and ultrafast response, such as graphene [22, 25] , bismuthene [26] , single-wall carbon nanotubes (SWNT) [27] [28] [29] [30] , topological insulators (TIs) [24] , transition metal dichalcogenides (TMDs) [31] , black phosphorus [32, 33] and quantum dots (BPQDS) [34] . 2D materials have presented exceptional optical properties which expand their probable application in our daily life [5] . Up to now, bismuthene have been used in the ultrafast laser as optical switching, modulator, or SAs in 1.5-µm regimes [35] .
However, bismuthene as SA applied in 1-µm ultrafast laser haven't been reported yet. Furthermore, the pulse dynamics is also needed to be investigated.
In this work, We applied bismuthene saturable absorber to Yb-doped fiber laser and obtained noise-like pulses for the first time. For integrating the bismuthene into the fiber laser, a tapered single mode fiber (SMF-28) with a loss of 35% are prepared by flame brush method. Then, the bismuthene is deposited on the tapered fiber through laser injection method. The nonlinear optics properties of bismuthene is studied by using a home-made mode-locked fiber laser, whose saturation intensity and modulation depth are about 0.4 MW/cm 2 and 3.8%, respectively. Especially, compared with traditional noiselike pulses results, the intensity ratio of coherent peak and envelope components in our cavity is of around 5:4. The generated pulses are in fact noise-like incoherent pulses made up of a complex ultrashort sub-pulse structure. This result is due to the narrow band gap of bismuthene and the dispersion and high nonlinearity of the laser cavity. The results suggest that bismuthene could be developed as an effective nonlinear optical material for ultrafast laser and applied to related fields of ultrafast photonics in 1-μm regime.
Sample preparation and experimental setup

Characterizations
The electronic properties of ultrathin single-layer bismuth has been investigated by first-principles previously. In this section, we show the characterization of the prepared few-layer bismuthene. The sonochemical exfoliation method is employed to synthesize large-sized few-layer bismuthine [36] [37] [38] . Regarding the progress in experiments, we will revisit and provide a more detailed description in the following section [5] . Figure 1 (a) shows a photograph of bismuthene dispersion. The microstructure and element distribution of the bismuthene were investigated by scanning electric microscopy (SEM) and energy dispersive X-ray spectroscopy (EDS).
EDS analysis of bismuthene sheets randomly selected on the silicon wafer is given in Figure 1 (b), which shows that atom percent of the bismuth is 100%, whereas silicon contamination might be attributed to the silicon wafer. In addition, Figure 1 (012) interplanar distance of the rhombohedral A7 structure [35] . only one stable form exists, which possesses a rhombohedral A7-type structure like antimony, with a natural layered structure [3, 11, 31] . High resolution X-ray diffraction (HRXRD) of bismuth powder is given in Figure 2 (b), and its space group is confirmed to be R _ ,3m [35] . Raman spectrum of few-layer bismuthene nanoflake shown in Figure 2 (c). In earlier reports, the peaks at 69.3 cm -1 and 97 cm -1 were attributable to Raman mode and proved of the rhombohedral bismuthene structure [39] . The correlated results were almost the same. absorption coefficient in wider spectrum area, which has potential applications as novel optical material [40] . 
Deposition of bismuthene around microfiber
In general, attaching the material onto the facet of fiber connector is the main method to prepare the SAs, which is easy to be damaged by the high energy density of ultrafast pulse. Fortunately, the issue would be avoided by utilize evanescent field interaction between fiber and material. In the next section, we will enable bismuthene as SA in the proposed fiber laser. First of all, we need to make a microfiber with a low After this process, about 54% power are absorbed by the bismuthene. One of the advantages of this approach is that the deposition only occurs at the boundary of the optical input, which allows us to control the deposition length. As shown in Figure   3 (b), the bismuthene is deposited well around the microfiber. 
Bismuthene microfiber SA's nonlinear characteristics
As shown in Figure 4 
Experimental setup
As shown in Figure ( has some natural features as follows: low edge strength and high center strength. As soon as the optical pulse passes the SA，it will be narrowed to achieve mode-locking.
The polarization controller is used to change the polarization state of the optical pulse transmission in the cavity. The laser couple in a fiber coupler with a coupling ratio 50.3:49.7, 50.3% of the pulse remain in the laser cavity, 49.7% of the pulse as output goes through a photoelectric detector (Thorlabs DET01CFC). Then, the cavity produce laser and can be connected directly from the instrument's output to the oscilloscope (Rigol DS6104) and optical spectrum analyzer (Anritsu MS9710C) to realize rapid monitoring and measurement of the laser pulses in real-time. Quality of the mode locking are observed by a radio frequency (RF) spectrum analyzer (Rohde & Schwarz FSC6). Moreover, the pulse duration was measured by using an autocorrelator (Femtochrome FR-103XL) with the resolution of 5 fs. Figure 5 . Schematic of mode-locked fiber laser with a microfiber-based bismuthene SA.
Experimental result and discussion
In the experiment, we required only few drops of the bismuthene solution. Although the amount of used bismuthenes on the surface of the microfiber is quite few, the layer-structure of bismuthene and the evanescent field is effectively coupled with each other. Self-initiated threshold of the mode-locking is 266.9 mW, and corresponding pump current is 460 mA. The spectrum is shown in Figure 6 (a), from which it can be concluded that the spectrum belongs to the partially coherent pulses.
The center wavelength of the spectrum and the 3-dB spectrum width is 1035.8 nm and 3.4 nm, respectively. The pulse train is shown in Figure 6 (b), the time of the two pulses for the interval is 46 ns, corresponding to the period. As shown in Figure 6 (c), the signal-to-noise ratio is 29.6 dB within the frequency window of 25 MHz. As shown 11 in Figure 6 (d), the repetition frequency of the fiber laser is 21.74 MHz. As shown in Figure 6 (e), the autocorrelation function of pulse contained the coherent peak (around 1.55 ps) and envelope (around 54.19 ps) components when the pump power is 266.9 mW. It can be seen from Figure 6 (f) that the slope efficiency of laser is 1.71% with a linear fitting. As shown in Figure 7 (a), the spectrum changes with the increase of pump power. By using the self-correlation method, the width of the pedestal and the peak of the autocorrelation curve reflects the average pulse width of the class noise pulse wave packet width and the ultrashort subpulses, respectively. The pulse envelope is not split even though increasing pump power, which confirms to the characteristic of noise-like pulse. Because of this, the noise-like pulses can be easily obtained the large pulse energy [41, 42] . In addition, the intensity ratio of the coherent peak to the envelope is 5:4 that is larger than 2:1. As all to know, conventional noise like pulses have the fixed ration with 2:1, which shows that the average intensity of the pluses is almost equal with each other. This special kind of noise-like pulses have different intensity ratio for each subpulse. We anticipate that the intensity distribution of the subpulses fits well with the Guass Distributions. So, the noise like pulse is quite unique generated in bismuthene-based Yb-doped fiber ring laser.
Conclusions
In this article, the Yb-doped NLP mode-locked fiber laser based on bismuthene functioned with evanescent field interaction has been demonstrated for the first time.
The SA property of the bismuthene is experimentally illustrated, which saturation mW. The repetition rate and signal-to-noise ratio of the output pulse for 21.74 MHz and 29.6 dB, respectively. The microfiber is used as a SA in a fiber ring laser and provided passive components for mode-locking. We believe our nonlinear optical components based on bismuthene will help the development of ultra-fast photonic devices in many fields.
